Although cardio-pulmonary complications play an important role in brain surgery, we neurosurgeons are apt to be so much involved in the conditions and manifestation of the brain lesion that we sometimes pay very little attention to other parts of the body.
It has been emphasized by some people that cardio-pulmonary crises can accompany brain injuries fairly frequently. The neurogenic factor, namely, in juries or disturbances of certain target points in the brain stem, has been assumed as one of the important contributing factors. In this present paper we would like to discuss each contributing factor to pulmonary edema, based mainly on our clinical experiences in recent years, together with some of our principles in treatment.
As for pathogenesis of pulmonary edema, usually more than one factor is involved. Various factors aggravate each other and form a vicious cycle. (Table I)   Table I .
Contributing factors to pulmonary edema 1. Almost innumerable reports exist about circulatory disturbances due to brain lesions. (Relationship of orbital surface of the frontal lobe with blood pres sure or respiration has been reported by Bailey and Sweetl); Delado and Living ton 4>; Kaada and others"); and Kondo, Takeuchi and Shimizu").
Sano16> proved the change in plethysmography on the contralateral side after anterior cingulectomy.
Takeuchil9! experienced a human case of glioma in the optic hiasmal region which had shown extrasystole that disappeared after extirpation of the tumor. Hayashi8> reported significantly higher incidence of abnormal ST, T and QRS in electro cardiography in neurosurgical patients than in patients of general surgery. Sugi motols> demonstrated tachycardia, bradycardia or extrasystole after stimulation of various parts of dog brain stem. Hatanaka experienced two human cases of temporary sinus-arythmia after extirpation of tumors in the third ventricle. Urabe2ij reported experimental pulmonary edema by destruction of preoptic region, and attributed this to the increased permeability of capillary walls of the alveoli. Cameron2) also assumes increased permeability of the capillary wall as the cause of experimental edema which resulted from injection of a fibrin deriva tive into subarachnoidal cisterns. Luisada and Sarnoff12) made pulmonary edema by intracarotid injection of physiological saline solution and intracisternal injec tion of fibrinogen and thrombin. Jarisch considers Veratrin stimulates sympathetic nerves in the medulla and constricts the peripheral blood vessels resulting in accumulation of blood in the chest cavity while the pulmonary vessels dilate due to sympathetic excitation in the lung. As Sarnoff says, many people agree that pulmonary edema is caused not by purely neurogenic factor but that it takes place together with cardio-pulmonary crises. We also consider that a neurogenic factor is not the only important factor in etiology of pulnomary edema, as will be detailed hereafter. Wakizaka showed that various disturbances of the autonomic nervous system enhance the probability of pulmonary edema in addition to ex cessive hydration or pulmonary injuries.) 2. The disturbance of the hypothalamus and the pituitary. Although the role of the subcommissurar organ in human being has not been approved, we once experienced a human case of temporary water disturbance after stereotactic intervention on the upper end of the midbrain. Water and electrolyte disturbance in itself may cause hypoosmolarity of blood plasma, hypervolemia, intracapillary hypertension, all of which may accelerate pulmonary edema.
3. Respiratory disturbance is often caused by brain lesions and, especially by various types of brain herniations. It aggravates the cardio-pulmonary func tion and causes the increased permeability of alveolar vessels.
4. Consciousness disturbance sometimes causes insufficient excretion of secretuni, aggravates infection process in the lung and hypo-oxigenation, and helps development of edema of the lung and the brain.
5. It has been too well known that infection of the lung is one of the major causes of pulmonary edema.
6. Hypoproteinemia or malnutrition, which might be present after a long standing headache or vomiting in brain tumor patients, may well contribute to edema.
7. Massive bleeding, which occurs frequently in the surgical intervention on brain tumors or vascular malformations which are highly vascularized, is some times encountered by circulatory shock, hypoxia of the brain and of the lung and will contribute to edema. On the other hand, blood transfusion also contributes to edema because, the stored blood which is most conventionally used, contains a considerable amount of water which will lead to extensive dilution of blood.
As Table II Table II .
Prescription of anticoagulant solution (J.N.P. )
whereas in Japan 200 c.c. from a donor is collected-naturally more anticoagulant is necessary for safety.) In most cases patients receive drip of physiological saline solution or glucose or some other solution during surgery. In total the patient may very easily be given more than 3,000 c.c. of fluide in excess for a considerably short time in such an emergency of abundant blood loss and blood transfusion to cope with the loss. This will result in developing acute pulmonary edema or the so-called water intoxication, unless the urination is satisfactory. Furthermore, the erythocytes in the stored blood may have less efficiency in oxigenation, since their enzymatic activity, such as that of Glucose-6-phosphatase, has been lowered by aging of the red cells.
Therefore we consider it advisable to discontinue operation if the risk of abundant blood loss that might exceed 5000 c.c. is imminent.
8. Some of the anesthetics stimulate secretion in the alveoli and the bronchi. This is a factor favorable to pulmonary edema. Even some of the modern, ex cellent anesthetics, such as Fluothane (or Halothane), or Penthrane (Methoxy flurance), have a little stimulating effect if administered without sufficient pre medication of Atropine or Scopolamine. Long duration of intratracheal gas anesthesia not seldom leads to an increase of secretion.
9. When we maintain a normal and healthy animal, for instance a cat, under artificial respiration by the help of muscle-relaxant and pump-respirator for a long time, we find that the brain of the animal is stained after intravenous injec tion of trypan-blue or sodium fluorescein and that the lungs become edematous. These findings mean that artificial respiration sometimes induce edema of the brain and of the lungs after long use. The same phenomenon in the lung of the human being has been called "Pump lung" or "Respirator lung". The use of respirator probably disturbs physiological pressure relationship in the alveoli and peripheral circulation in the lung, will increase the permeability of the vascular wall there, and will eventually cause pulmonary edema. It is not seldom that we must put patients under artificial respiration. Therefore, until we succeed in obtaining an ideal respirator that can reproduce a truly physiological respiration in `High Fidelity', the use of a respirator remains a kind of necessary evil.
10. Other lesions of the lung, such as atelectasis or infarction, become the cause for edema of the surrounding tissue, as is the case with other organs or tissues.
Symptoms and diagnosis: We do not want to detail too much here. Ex pectoration of pink and serous bubbles is a decisive symptom. However, in a more chronic type of pulmonary edema, the excretum is rather viscous. Bubbling rales are audible through the chest, and frequently, even audible without a stetho scope. Because of the lowered oxigenation, cyanosis and coldness of the extremi ties are noted, and during surgery, the blood from the operative wound darkens. Lowered blood pressure, sweating and sometimes coughing are other symptoms. Because of brain hypoxia, consciousness of the patient is disturbed frequently. Alteration of electrocardiography is also remarkable. Elongation of Q-S interval, flattening of ST, lowered T, and pulmonary T are seen. Urination is sometimes insufficient. All these changes jointly form a vicious cycle and eventually result in exitus letalis. Our clinical experience: We perform nearly 300 craniotomies in a year in cluding operations for more than 200 neoplasms in the brain. It is true that at autopsy of patients who died after brain surgery or brain injuries a considerable numger of cases reveal pulmonary edema, usually in addition to brain edema. However, the presence of pulmonary edema while the patient was alive was not usually noticed, because most cases had creeping, subacute or chronic type of pulmonary edema that accompanied pulmonary infection, atelectasis or infarction, or the use of pump-respirators. Almost all the cases maintained under artificial respiration had more or less pulmonary edema together with brain edema. It should be noted that many patients who die after brain injury or brain operations die after respirator arrest, and, naturally, most of them are maintained under artificial respiration for some period of time. Therefore, it is difficult to decide what factor was truly responsible for those creeping or latent type of pulmonary edema, although we cannot deny the contribution of neurogenic factors to the onset of edema.
In 1964, in our Department of Neurosurgery, we operated on 208 patients for brain tumors and only 5 of them died, owing to our improved pre and post-operative measures for comp=ications including brain edema. blood transfusion. At that time when anesthetic agent was suspended, the patient moved extremities. Therefore, the operation was continued. The tumor was removed en bloc. The tumor weighed 90 grams. However, the bleeding from one of the big vessels which had drained into the tumor was so severe that the operator could not remove his finger applied onto the vessel for more than 30 minutes while waiting for the arrival of additional blood from another blood bank by a police car. The bleeding was eventually controlled. But then the surgeon noticed sudden darkening of the blood coming out from vessels. Simultaneously, the anesthesiologist also found pinky bubbles coming out of the tracheal tube obliterating the inhalation of oxygen. The blood pressure was not detectable. Anesthetists tried to induce anhydrous alcohol into the trachea, but alcohol, itself, could not enter, being prevented by a projectile flow of pink bubbles. Thirty minutes after the onset of pulmonary edema, the surgeon asked anesthetists to inject 100 mg of prednisolone hemisucinate intravenously and also to infuse 100 c.c. of 20% mannitol solution to dehydrate. Within 15 minutes after Prednisolone injection the expectoration of bubbles remarkably decreased and within thirty minutes after injection the bubbling rales were no longer audible even with a stethoscope, and abundant urination ensued together with quick recovery of general condition. Even electrocardiography which once showed severe insufficiency recovered.
Although precise measurement was difficult, the total blood loss was esti mated to exceed 10,000 c.c. and blood transfusion was done to cover the blood loss. The pink bubbles, expirated and suctioned, filled up a glass bottle, and the volume of the bubble was about 7 litres. Although pulmonary edema disappeared clinically, the patient expired 20 hours later, probably because of some irreversible change of the brain that might have been affected during the 30 minutes of hypoxia. The aptient did not recover consciousness. Autopsy was not performed.
The second case of fulminant type of pulmonary edema was a 9 month old baby with internal hydrocephalus.
Under general anesthesia with Fluothane N,,O-O_.. conventional ventriculo-atriostomy was performed.
Soon after the operation, she was alert, but grew lethargic gradually. Body temperature rose to 3V C C (102'F).
Oxygen administration could not cure cyanosis. Four hours after the operation she became comatose. Abundant secretum was drained from the airway. Eight hours after surgery she expired. At autopsy pulmonary edema and bleeding in the right upper lobe of the lung were found. Congestion of the venous system was remarkable.
In the cranial cavity, the lateral sinus was abnormally large and occupied a large space like a tumor. It was felt that this anomalous growth of the lateral sinus might have compressed the cerebellum and the pons causing hydrocephallus. In the clinical course of the patient, mydriasis on one side was noted when she fell into coma. This suggested some brain herniation that might have been caused by some hydrodynamic alteration after the shunting operation. Thus, in this case, acute pulmonary edema might have been the result of both neurogenic factor and of bleeding in the lung which occurred secondary to probable pulmonary infarction or some other lesion. Also we cannot deny the contribution of fairly long duration of anesthesia that lasted for 3 hours.
As we have just reviewed our clinical experience, in most cases of less acute pulmonary edema, such factors as the use of respirator, infection or other lesion of the lung, insufficient bronchotracheal drainage, and cardiovascular failure, were always involved. Even in two cases which took very acute courses, the most striking features were not always neurogenic factors. Therefore, we might be able to say that, although the involvement of neuro genic factors cannot be denied, the role of other factors must not be neglected. 
